The asteroid body in Sporotrichosis (AB) is a characteristic structure that allows diagnosis in lymphangitic presentations and whose generation and composition is not fully understood. Our study focused on the biological relationship between the yeast and host elements present in the AB. Indirect immunofluorescence showed that on ABs obtained from naturally infected individuals there were antigenically related IgG and IgM molecules in the spikes of the radiated crowns. However, there were differences in the pattern of distribution for each immunoglobulin isotypes. The yeast cells located at the center of the ABs were viable, as shown by the generation of germ tubes and conidial formation after 36Á48 hours of incubation at 228C. The central yeast could divide and proliferate even in the ABs that had been pre-treated with specific anti-Sporothrix schenckii serum and fresh complement. The data suggests that AB in sporotrichosis might be a resistance structure which uses the host immune molecules to the advantage of the yeast.
Introduction
Sporotrichosis is a dermohypodermic deep mycosis whose etiological agent is the dimorphic fungus Sporothrix schenckii of worldwide distribution [1] . The clinical manifestations of the disease may vary according with the route of entry, the inoculum concentration, the virulence of the strain and the immunocompetence of the host. The mycosis may include cutaneous and subcutaneous forms with or without lymphatic and extracutaneous manifestations [1, 2] .
The diagnosis of sporotrichosis is based on the examination of fungal elements in lesions and recovered in cultures [2] . The policy of our Mycology Section has been to systematically look for the asteroid bodies (ABs) in all lymphangitic cases. A positive search allows for a rapid diagnosis of the disease in these patients [3] .
Described almost 100 years ago by Splendore [4] , ABs, also known as the Splendore-Hoeppli phenomenon, do not as of yet have a plausible explanation. They have been reported with a certain degree of variation in many deep mycoses such as histoplasmosis, paracoccidioidomycosis, candidiasis, coccidioidomycosis, lobomycosis, aspergillosis and in other pathologies like sarcoidosis, filariasis and schistosomiasis [5Á7] .
In sporotrichosis, the composition of the AB has been the subject of several studies. Tálice and Mackinnon observed ABs in natural and experimental infections [8] and speculated that they were the result of a defense reaction of the host. Moore linked the formation of ABs to leucocytic components deposited around the yeast [9] and Negroni and Prado, in an experimental infection of rat and guinea pig hosts, proposed that the AB is a form of resistance against the fungi [10] . Mariat and Drouhet studied the anatomical forms from the haloed yeast to the spiked ABs and concluded that ABs could be either a protective mechanism of the etiologic agent or a defense mechanism for the host [11] . Lurie and Still produced a similar structure after treating yeasts in vitro with rabbit anti-Sporothrix antibodies and concluded that the AB is formed by the yeast and the surrounding antigen-antibody precipitation complex [12] . Hiruma and collaborators determined by electron microscopy that polymorphonuclear cells and their debris might participate in AB formation [13, 14] .
It is clear now that ABs are formed not only by the fungal cells and related compounds but by many different host molecules and cellular structures derived from components of the immune system. Morphologically, the evidence indicates that ABs originate in extracellular deposits of material forming concentric layers and radial spikes, which lie around the yeasts in granulomas. Subsequently, it undergoes a process of crystallization by the incorporation of calcium salts and apatite that renders the AB visible [15, 16] .
Given the fact that ABs are observed in more than 90% of the local presentations of sporotrichosis [3] , we decided to study their nature in order to gain further insight into the biological relationship between the fungal and host components of ABs.
Materials and methods

Recovery of asteroid bodies (ABs)
The ABs were obtained from human cases of cutaneous and lymphangitic sporotrichosis seen at the Mycology Section of the Department of Parasitology of the School of Medicine, University of Uruguay. The usual port of entry of the fungus was the dorsal part of the hands of patients who had hunted within the previous six months the South American armadillo, Dasypus hybridus. Purulent exudates were taken from the original entry lesions as previously described [3] , and inoculated onto Sabouraud glucose and Mycobiotic agar cultures to confirm the presence of the mycelial phase of Sporothrix schenckii. Initial light microscopic observations of the exudates, with and without Gram staining, were used to select those cases with ABs. Portions of the same exudates from AB positive patients were subsequently used to make smears, the slides dried at 288C, fixed in cold acetone at (208C for 5 min and left to evaporate at room temperature (RT). The samples were then stored at (70 8C.
Immunofluorescent detection of host IgG and IgM on ABs
The smears of pus containing ABs that had been previously fixed in cold acetone were used for direct immunofluorescence studies. The slides were allowed to stand at RT for 30 min before being washed twice with 0.1M phosphate pH 7.2Á0.15M NaCl (PBS), blocked with PBS-1% bovine serum albumin (PBS-BSA) for 1 h at 378C. They were then washed twice with PBS and incubated for 1 h at 378C with a 1:400 dilution in PBS-BSA containing either FITC (fluorescein 5-isothiocyanate) labelled rabbit immunoglobulins anti-human IgG or IgM (Sigma), washed twice again with PBS and let dry at RT. The samples were mounted with glycerol: PBS (9:1 v/v) and observed at 400)and 1000 ) magnification in an epifluorescence microscope (Zeiss, Germany) with exciting filter VP450-490, chromatic beam splitter FT510 and barrier filter LP520.
Viability of the AB central yeast
Material obtained directly from lymphangitic sporotrichosis lesions was used to prepare smears on slides that were then overlayed with cover-slips and thoroughly examined with a light microscope at 200 ) and 400 ) magnifications. The identity of fungus recovered in cultures inoculated with clinical material was determined to be Sporothrix schenckii [3] . Smears positive for the presence of ABs were divided into two groups with three to five slides per group. The first group was directly incubated in a moist chamber at 228C. To the second group, we sequentially added 10 ml of fresh normal human serum which had previously been shown not to have Sporothrix schenckii antibodies as a source of complement and then 20 ml of sera from patients with different clinical manifestations of sporotrichosis and high IgG titer against Sporothrix schenckii as determined by tube agglutination tests [17] . The slides from the second group were covered with glass cover slips and let stand at 378C for 1 h. Afterwards, the slides were transferred to a moist chamber at 228C, incubated for 10 days and microscopically examined daily to assess the status of the central yeasts in the ABs and their eventual transformation to the filamentous phase. This contrasts dramatically with the AB shown in Fig. 1c where the apical germination of the central yeast cell is evident. This sample was obtained fresh from a patient with nodular lymphangitic sporotrichosis and detected by in situ observation. The presence of a spiked crown containing the central yeast cell is evident even in the newly forming AB. This development was unexpected and may well correspond to the formation of a secondary AB.
Results
Formation and development of AB
Immunofluorescent detection of host IgG and IgM on AB
When the ABs were incubated with FITC labeled rabbit Igs anti-human IgG we observed a homogeneous fluorescent pattern on the spiked crown around the yeast, including all its edges (Fig. 1d) . The same diffuse fluorescence was obtained when germinating yeast cells within an AB was treated with the FITC labeled serum anti-IgG (Fig. 1e) . However, in the latter the positive crown was displaced to a side leaving an opening with no fluorescence which indicated that germination site lacked IgG.
This pattern differed from the one observed when ABs were incubated with FITC labeled rabbit Igs antihuman IgM (Fig. 1f) . In this situation, an intense and sharp fluorescence was mainly seen in the periphery of the spikes.
Viability of the AB central yeast
The studies on the viability of the central yeast showed that after 36Á48 h of incubation at 228C in a moist chamber some germ tubes were found emerging from the central yeast cell, causing a shift in the position of the crown and spikes to one side of the cells (Fig.  2a) . The emerging filament had a broad base typical of a germ tube (Fig. 2b) . After a week of incubation, it became profusely branched with conidia developing all around the edges of the cover slip (Fig. 2c to 2d ).
Some slides with ABs were incubated for one hour at 378C with fresh complement and the serum of a patient with at least a 1:250 titer of antibodies to Sporothrix schenckii. Afterwards, the slides were maintained at 228C in a moist chamber and a similar pattern was noted in the germination and growth of the germ tubes (Fig. 2e) .
Discussion
An extracellular round yeast surrounded by a spiked crystallized crown is morphologically characteristic of an AB in the purulent granuloma of Sporothrix schenckii infected patients. While ABs are of diagnostic value in sporotrichosis, their presence in lesions varies from 20 and 90% depending on the group of patients studied and the methodology employed [3,18Á20] . The morphology is characteristic and the round central yeast cells differ from the smaller cigar-like yeast forms seen intracellularly in macrophages and cells of the immune system. Anatomic examination provides information on the origin of the AB. The central fungal component adopts a compact spherical conformation, typical of resistance forms of extracellular elements. The ratio between volume and external surface minimizes any contact area and probably restricts the access to certain antigenic determinants.
The presence of host immunoglobulin antigenic determinants demonstrated that at least portions or the whole IgGs and IgMs were trapped in the crystallized spikes. Because of its central (deep) localization in ABs it appears that IgG was deposited before IgM. The origin of the material layered around the yeasts may be an antigen-antibody complex deposit as has been reported [12] . The events that lead to the fully developed AB are not clear, and there is no evidence that the outer deposits involve an antigen-antibody reaction.
The central yeast cells seem to be protected by the external crown as there were no demonstrable specific antibodies on the yeasts when the immunofluorescence was performed on intact ABs. These results do not differ from previous reports that showed antigenic material and host immunoglobulins around the yeast cells when the ABs were sliced before the treatment which allowed the antibodies to have contact with the antigenic external walls of the yeasts [21Á24] .
This initial accumulation of host specific anti-S. schenckii Igs contributed to the dual nature of the exterior of newly formed Abs in that subsequent acquisition might have involved nonspecific immunoglobulin deposition. The localization of IgM only on the outside of the spikes appears to be a late event and most probably was not the result of specific reactions against the yeasts. A plausible explanation could be that it corresponds to the natural deposition of IgM as in the Rheumatoid Factor (RF) binding to the Fc portion of the IgGs, and due to its pentameric structure attracting more IgG non-specific molecules. This association typically contributes in a secondary immune response to the rapid clarification from plasma of any detected particles [25, 26] . However, it is clear that is not the case, since the AB is not disposed from the granuloma and the IgM eventually becomes another intrinsic part of the AB. Whether IgG and IgM contribute to the masking of the special extracellular yeasts is not definitely proven, but it is suggested by our results and the persistence of ABs during the course of infection once they have appeared in the granuloma [3] .
Of note is the AB observed in the direct examination of fresh purulent material from a lesion illustrated in Fig. 1c . Quite clearly, it shows a process by which the yeast in the AB germinates to give rise to a new secondary AB already covered by spikes before being separated from its parent cell. The AB might arise primarily by adding concentric layers of deposited material at an early stage of the host immune response to subsequently become fully spiked and protected once the immune response of the host is at its peak.
At that point, the extracellular ABs in the granuloma demonstrate a direct interaction between the fungus and the host, supposedly advantageous to both components. For the yeast, the shield developed seems to be important for its survival. We demonstrated that in humans the central yeast cells in ABs are viable and able to divide in vivo within the protective crowns. Given the proper conditions, the yeasts proliferate in vitro to form filaments that break the crown that looked impenetrable and develop into hypha and conidia (Fig. 2) . For the host, the binding of IgGs to the yeast should, under normal conditions, activate effector mechanisms such as the complement cascade or phagocytosis leading to the elimination of the foreign cell.
It is clear that for a while the extracellular yeasts in the ABs can survive 'trapped' by the crystals and the host Igs they can under the proper conditions proliferate even in the presence of anti-Sporothrix schenckii specific antibodies (Fig. 2e) .
In summary, the AB proves to essentially be a resistance structure initiated by the extracellular fungal components change in shape and size and fully developed with the 'assitance' of components of host the immune system. The interference with the host immune response in the microenvironment of the yeast might be of importance.
